Objective. We used a national otolaryngology practice-based research network database to characterize the utilization of vestibular function testing in patients diagnosed with dizziness and/or a vestibular disorder.
Subjects and Methods. Dizzy patients in the CHEER retrospective database were identified through ICD-9 codes; vestibular testing procedures were identified with CPT codes. Demographics and procedures per patient were tabulated. Analysis included number and type of vestibular tests ordered, stratified by individual clinic and by practice type (community vs academic). Chi-square tests were performed to assess if the percentage of patients receiving testing was statistically significant across clinics. A logistic regression model was used to examine the association between receipt of testing and being tested on initial visit.
Results. A total of 12,468 patients diagnosed with dizziness and/or a vestibular disorder were identified from 7 community and 5 academic CHEER network clinics across the country. One-fifth of these patients had at least 1 vestibular function test. The percentage of patients tested varied widely by site, from 3% to 72%; academic clinics were twice as likely to test. Initial visit vestibular testing also varied, from 0% to 96% of dizzy patients, and was 15 times more likely in academic clinics.
Conclusion. There is significant variation in use and timing of vestibular diagnostic testing across otolaryngology clinics.
The CHEER network research database does not contain outcome data. These results illustrate the critical need for research that examines outcomes as related to vestibular testing.
Keywords dizziness, vestibular, videonystagmography, rotary chair, diagnostic testing a balance screening test. 4 The most common causes of dizziness are peripheral and central vestibular disorders, in an estimated 55% of patients. 5 The third-most common etiology is psychiatric, accounting for 16% of cases, and an additional 13% are not given a diagnosis. 5 An unexplored diagnosis or an unexplained syndrome of symptoms may lead to an incorrect treatment or no treatment at all. In such cases, the persistent symptoms have been reported to lead to absence from work, 2 anxiety leading to increased health service utilization, 6 secondary psychosomatic dizziness, 7, 8 and an injurious fall. 9 Given both the high percentage of vestibular etiologies among patients presenting with dizziness and the significance of finding the correct diagnosis, it is important for the clinician to evaluate for underlying vestibular disorders. During the initial evaluation of dizziness, clinicians have several options to determine whether the etiology of the patient's complaint is vestibular, including a thorough case history, bedside examination, and/or vestibular function testing. Unfortunately, there is an absence of evidence-based guidelines regarding which diagnostic strategies should be applied to which patients among the clinically heterogeneous group that presents with dizziness.
The knowledge regarding the use of vestibular diagnostic testing and health services utilization in patients with dizziness is very limited. There are no published studies examining variations in vestibular test referral patterns among otolaryngology clinics across the country. Given the lack of clinical practice guidelines, clinicians and hospitals may use different diagnostic approaches that may or may not include vestibular testing, whether in-house or via referral.
The aim of this study was to characterize the use of vestibular function testing for otolaryngology patients presenting with dizziness. We hypothesized that there would be variability in test utilization across individual sites as well as between practice types (academic vs community).
Methods

Data Collection and Participants
This study was approved by the Duke University Medical Center Institutional Review Board. We conducted a retrospective cohort study as part of the retrospective data collection (RDC) project of the Creating Healthcare Excellence through Education and Research (CHEER) network. CHEER is a practice-based research network encompassing 30 academic and community-based otolaryngology clinics throughout the country. For the RDC project, each CHEER clinic site contributed 1 year's worth of de-identified patient data to a single database, including patient demographics, diagnosis codes, and procedure codes. The RDC currently holds .260,000 unique patient visits and .650,000 encounters. Each site provided the most recently available year of data at the time of its contribution to the database, and the data years range from 2010 to 2012. While de-identified, the medical record numbers are still unique; therefore, patients can be tracked across the data set. The database includes only month and year of visit, which limits calculations of time between visits or mean number of visits (ie, no way of knowing whether a visit occurred before or after another visit if within the same month).
Only data from clinic sites that included vestibular diagnostic data and vestibular testing data were included in this investigation, to ensure that clinics routinely evaluating dizzy patients also had access to vestibular testing. Sites that referred elsewhere for testing or did not record vestibular procedural codes in the database were excluded. In total, data were compiled from 7 community clinics and 5 academic clinics.
Patients with a vestibular diagnosis or dizziness were identified through ICD-9 codes (International Classification of Diseases, Ninth Revision; 780.4, 386.0-386.9). Demographic information was collected as well as the number of unique patient visits associated with the vestibular diagnosis. Data regarding the use of vestibular function testing were calculated as the number of unique patient visits at each clinical site associated with specific CPT codes (Current Procedural Terminology; see Table 1 ). Receipt of vestibular testing was defined as 1 vestibular tests as identified with CPT codes.
Laboratory tests for assessing dizzy patients include videonystagmography (ie, basic vestibular evaluation and caloric irrigations), rotary chair, cervical and ocular vestibular evoked myogenic potentials (cVEMP and oVEMP, respectively), computerized dynamic posturography, video head impulse testing (vHIT), and electrocochleography (ECochG). Tests that are performed may depend on results from case history or physical examination and on the facility's protocol. Not all tests have CPT codes and thus cannot be tracked from the RDC database. For example, although cVEMP, oVEMP, and vHIT are becoming widely used tests of vestibular function, there is no designated CPT code for any of these procedures, and it is unclear how different sites choose to document this procedure. Thus, at the present time, there is no accurate way of assessing the use of cVEMP, oVEMP, and vHIT in dizzy patients through a large coded database. Furthermore, ECochG testing was rarely used in this cohort of patients. In fact, only a single clinic site reported using ECochG in the assessment of dizziness during the year that data were collected. For this reason, ECochG testing was not included in any of the analyses.
Data Analysis
A descriptive analysis was conducted, including number and type of vestibular tests ordered, stratified by individual clinic and by practice type (ie, community or academic). Chi-square tests were performed to assess if proportion of patients receiving testing was statistically different across clinics. We used a logistic regression model to examine whether being tested on the first visit was associated with more patients being tested overall. The logistic model examined the association between receipt of testing and being tested on the first visit, as we observed that some clinic sites tested a large number of patients prior to the ear-nosethroat consult while others did not. We modeled the likelihood of being tested on initial visit based on site type, given the patient was tested utilizing a logistic regression model. Data were subset on those who were tested at all (outcome = tested on initial visit; predictor = site type). All analyses were done on SAS 9.4 or JMP Pro 11 (SAS Institute Inc, Cary, North Carolina).
Results
A total of 221,833 patients from 12 clinic sites resulted in 12,468 (6%) patients presenting with the chief complaint of dizziness (see Figure 1 ). The mean age of this cohort was 56.0 years. The percentages of patients receiving various vestibular diagnoses are shown in Table 2 . The most frequent diagnosis, given to 55% of patients, was ICD-9 code 780.4 (dizziness and giddiness). The most frequent specific diagnosis was benign paroxysmal positional vertigo (14.5%), followed by Ménière's disease (12.3%). We performed analysis looking at whether ICD-9 code 780.4 (dizziness and giddiness) was more common in particular practices (specifically, academic vs community). The percentage of that diagnosis ranged from 56% to 91% and was not more common in any particular practice (x 2 = 0.346, P = .554).
Overall, 2572 (20.6%) of dizzy patients had at least 1 vestibular function test. Of the testing group, a total of 2495 (97%) had caloric testing; 797 (31%) had rotational testing; and 343 (13%) had computerized dynamic posturography.
The variation in testing significantly differed by site (x 2 = 271.52, P \ .0001), as there was a 24-fold variation in the rate of vestibular testing among individual sites ranging from 3% to 72% (see Figure 2) .
The variation in testing was also seen between academic and community practice types. A total of 31% of all dizzy patients from academic sites underwent testing, whereas only 18% of all dizzy patients from community clinics had testing. The odds of a dizzy patient undergoing a vestibular diagnostic test are 2 times greater in an academic clinic than a community clinic (odds ratio = 2.01, 95% confidence interval [95% CI] = 1.8-2.2).
As shown in Figure 2 , site K was an outlier in that it tested a much greater percentage of dizzy patients. A secondary analysis was performed without site K. Results showed a smaller variation in the rate of testing among sites, from 3% to 44%, and we still observed significant variation in testing by site type (x 2 = 99.071, P \ .0001). However, by removing site K, the odds of a patient undergoing vestibular testing are 2 times greater in a community clinic versus an academic clinic (odds ratio = 2.03, 95% CI = 1.7-2.4). Among the patients who underwent testing, the percentage tested on initial visit significantly varied (x 2 = 506.39, P \ .0001) and ranged from 0% to 96% (see Figure 3) . A total of 83% of tested patients from all academic sites underwent testing on initial visit, whereas only 23% of tested patients from all community sites were tested on initial visit (see Figure 4) . The odds of a patient undergoing vestibular testing on the initial visit are 15 times greater in academic clinics versus community clinics (odds ratio = 15.9, 95% CI = 13.0-19.4). Site K was an outlier, with 96% of its tested patients being tested on the initial visit. A secondary analysis with the removal of site K still resulted in a wide range of testing on initial visit (0%-80%), and the variation among sites was still significant (x 2 = 23.83, P \ .0001). However, the odds of a patient undergoing vestibular testing on the initial visit in an academic clinic are greatly reduced, as the odds ratio is now 2.1 (95% CI = 1.6-2.9).
The Epley maneuver was explored, and overall 3.4% of the total patients included in the analyses had an Epley maneuver and did not have vestibular function testing. At the site level, the average number of patients who had an Epley maneuver and did not have vestibular function testing was 0.3% (SD = 0.8%, range = 0%-2.5%).
Discussion
There are no clear clinical practice guidelines for the evaluation of dizzy patients, which may contribute to notable variations in diagnostic evaluations. These data show significant variation in how often vestibular function testing is used to evaluate dizziness in otolaryngology clinics. Although 21% of dizzy patients in this study received vestibular testing, the percentage tested ranged from 3% to 72% among individual sites. One particular clinic site was an outlier in that it tested 76% of patients. Removing that site resulted in a range between 3% and 44%. It is not clear from the data if this variability is due to a lack of consensus regarding who should be tested or whether different types of patients were evaluated at different clinics; thus, some clinics tested substantially more than others. Undergoing vestibular testing on the first office visit also differed among sites, with a range from 0% to 96%. This implies that some facilities or clinicians prefer to see the patient first and then decide if testing is warranted, whereas others have made vestibular testing standard of care for all patients presenting with dizziness and they are scheduled for testing on or before the first specialist visit. Perhaps not surprising, sites that tested a large percentage of patients also tended to test more patients on the initial visit. Patients seen in academic clinics were more likely to have testing on the initial visit. It is likely that these vestibular testing results are part of the patient's initial intake and examination. This may be a reflection of a greater percentage of complicated patients being referred to academic settings from other physicians, while simpler diagnoses (eg, more benign paroxysmal positional vertigo) are seen in community clinics. It is also possible that some patients are referred elsewhere for testing and more specialized follow-up or that some bring test results with them from their referring providers. These variations suggest that exploring policies, specialty (general vs neurotologist), and differences in payer/coverage would be of interest for future studies. What is not clear from this is whether patient outcomes differed between those who underwent testing and those who did not.
The implications of variation in diagnostic testing have been investigated in other areas of medicine. For example, observational studies have shown that the use of positron emission tomography (PET) imaging is associated with better patient outcomes in patients with non-small cell lung cancer. 10 However, PET imaging is most likely to be used in nonblack patients \81 years old. 11 Thus, better outcomes associated with PET imaging may be biased if the test is used selectively in populations with greater access to health care. Conversely, investigations in the area of noninvasive cardiac imaging have shown that patients who undergo testing have a greater likelihood of also undergoing invasive procedures and further expensive testing. 12 The overall outcome of the patient may or may not change, but her or his medical care was both more invasive and more expensive.
The current investigation observed wide variation in the use of vestibular diagnostic testing. As a result, vestibular function testing may be over-or underutilized, either of which could be associated with unfavorable outcomes. Overutilization would unnecessarily increase health care costs and may expose patients to potentially unnecessary discomfort, while underutilization may leave patients without the diagnostic clarity that they need for appropriate clinical management. High-volume testing may be cost prohibitive, but the underuse of testing can be detrimental, particularly in older adults where the consequences of improperly diagnosed dizziness can lead to a fall with subsequent morbidity, mortality, and cost. 13 The variation in vestibular testing observed in this study may be due to differences in diagnostic practices, including regional variation, payer and coverage variations, and referral policies. Research in other diagnostic test modalities, such as echocardiograms, has shown variation in diagnostic testing across practices and regions, 14 as well as different referral patterns among physicians treating patients with similar conditions. 15 Although we did not analyze differences in diagnostic practices by regions, we did observe differences across practices that may be due to individual physician referral patterns or specific clinical policies or to differences in patient mix. For example, site K was an outlier in the percentage of patients tested and the percentage of patients tested at initial visit. That specific clinic had a policy in which all patients referred to the physician for dizziness were automatically referred for vestibular testing prior to the physician consult-hence, the very high percentage of patients tested on initial visit. As a result, site K had a high percentage of patients tested overall relative to the other clinics. Additionally, the differences observed between academic and community sites may be due to the patient mix from each site. In other words, it is possible that patients seen in community clinics had more straightforward and simple cases than those in academic settings. Overall, these results leave unanswered questions and suggest exploring clinical policies and payer/coverage areas in future investigations.
With the exception of benign paroxysmal positional vertigo, there are no published clinical practice guidelines available to help clinicians decide when to refer a patient presenting with dizziness for vestibular testing. Thus, the diagnostic evaluation depends heavily on the physician and clinic practice patterns, which may be in part independent of a patient's presenting symptoms. Although vestibular diagnoses can often be made through a complete history and physical examination, it is not known how often vestibular diagnostic testing provides an advantage in clinical management and leads to better outcomes. The finding of a lack of concordance across sites leaves open the possibility that outcomes such as health, costs, and satisfaction with care will also differ across sites.
These findings should be interpreted in light of several potential limitations. First, because our patient population was limited to members of an otolaryngology practicebased research network, we cannot necessarily generalize to other specialty practices. We speculate that greater practice variation may exist across different practice settings (eg, primary care, neurology). Second, we cannot exclude the possibility of residual confounding from unmeasured factors that could explain the degree of test variation observed across sites. Specifically, clinical details from each patient, such as symptom type, severity, and duration, and whether vestibular test results were normal or abnormal were not available from the database. We know that there is great variation in the clinical presentation of dizziness. Third, we did not differentiate among specific vestibular tests. Not all tests have a designated CPT code, making differentiation nearly impossible with a deidentified coded database. Fourth, while we do know that there are neurotologists at the sites included (based on a separate site descriptor database), we did not capture the provider associated with the visit in the CHEER retrospective database used for this study and therefore cannot make assumptions about neurotologist versus general otolaryngologist evaluation, either in testing or in timing of testing. Despite these limitations, the current study uses CHEER data to describe current practice patterns regarding vestibular testing in this patient population. It also identifies future areas of research.
In summary, our work demonstrates significant variation in the utilization of vestibular testing in a large practicebased network of otolaryngologists. These results highlight the critical need for research that examines outcomes associated with each diagnosis and the utilization of testing. Our hope is that there would be a concerted effort by practices to document outcome measures that examine how these tests can be valuable in the diagnosis and treatment of patients with dizziness.
